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We study threshold pion electroproduction on light 7=0 nuclei. The probe is especially
interesting because it mixes longitudinal (spin component parallel to momentum transfer,
&k coupling) and transverse (X k coupling) channels. Using the local density approxi-
mation for the treatment of possible nuclear spin-isospin mode enhancements, we calculate
cross sections for both exclusive and inclusive measurements. For discrete nuclear levels we
study differential cross sections of various pionlike levels, and these are compared with a
nonpionlike excitation. The cross sections for exclusive excitations are extremely small ex-
cept for forward angles. The inclusive cross sections, achieved by summing over all nuclear
states, are considerably larger since these include the quasifree excitation. All cases are
studied as a function of g’, the Migdal spin-isospin parameter. We find a strong influence
of kinematical conditions (especially the energy transfer) and of nuclear density on enhance-

ment phenomena.

NUCLEAR REACTIONS !®O(e,e’n~)!F*, %O(e,e’m~)X; threshold
pion production cross sections for exclusive and inclusive measurements;
spin-isospin strength distribution effects.

I. INTRODUCTION

The reaction
AJP=0%;T =0)(e,e'm)
XA*(JP=0",1t2",...;T=1)

has been proposed! as a means of exciting the giant
isovector odd-parity monopole resonance, and more
recently? as a probe of spin-isospin effects and pion
condensation precursor phenomena in nuclei. In
view of recent experimental interest’ we were en-
couraged to carry out more detailed calculations of
cross sections for this reaction. It seemed to us
especially necessary to provide a more careful treat-
ment of distortion of the pionic wave for the ex-
clusive situation, and a fuller study of kinematics
and limitations pertaining to the use of closure for
the inclusive case. Furthermore, this kind of probe
has the interesting theoretical feature of involving a
mixture of both longitudinal (o-k, k being the
momentum transfer) and transverse (0" X k) cou-
plings.

Apart from the general interest in this process,
the (e,e’w) reaction, through its possible sensitivity
to spin-isospin modes, may shed light on the prob-
lem of pion condensation precursor phenomena, dis-
cussed extensively in the last few years.* Existing
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evidence suggests that these phenomena are not seen
strongly in nuclei, but it is desirable to look into the
issue using various probes and kinematical condi-
tions for the extensive mapping of nuclear spin-
isospin strength. General aspects of the role of pre-
cursor phenomena in the softening of the quasielas-
tic peak as seen by spin-isospin sensitive probes have
been discussed by Alberico et al.> Our earlier
works? 1% and the present paper represent the realiza-
tion of such conditions in the context of particular
probes having spin-isospin character.

In this study we incorporate pion optical distor-
tion and use the local density approximation (LDA)
for the treatment of spin-isospin renormalization
(Sec. II). We calculate cross sections for discrete
levels (Sec. III) and for the inclusive case (Sec. IV).
In Sec. V, we check the role of kinematical condi-
tions in the general problem of precursor enhance-
ment and pion condensation, as well as the influence
of changes in the density parameters and the relative
importance of the imaginary and delta-hole parts of
the Lindhard function in the renormalization
scheme for the transition operator.

II. FORMALISM

The (e,e’w) reaction is governed at the threshold
by the interaction®
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H=—L %73, (1)
m
where e?~1/137, f%/47~0.08, mq and @ are the
pion mass and isovector ﬁeld and 7 is the nucleon
isospin matrix. In Eq. (1) A is the Mpller potential

- 4ie
A== a(B Fu(Ple'* T, (2)
kz_ka p )yulp
J
d’o __ g p |4me’f 1
dQ.dQ.do, 427 p | mg | (K2—ky2)?
In Eq. (3),
. 4 o
M=<f S (Free C T, i> :
I=1

with u (P) and u (P ') the electron spinors for in-
coming and outgoing momenta P and P’, and
k=p—p ', while ko=p —p’. The fivefold differen-
tial cross section for the pion electroproduction,
where the pion is produced with momentum ¢ and
energy w, and is scattered into the solid angle Q
while the outgoing electron is scattered into (2., is?

{2Re(B""M *)(B-M)—(M *M)(B-B '—pp’)} . 3)

4)

where |i) and |f) are the initial and final nuclear states, and qaq")( r) is the outgoing pionic wave. The elec-
tron waves are assumed to be plane waves, and we have used the extreme relativistic limit, p,p’ >>m,; the
operator 4 refers to 77 production and in our convention 7, |n)=Vv2|p).

The effect of the nuclear medium on spin-isospin operators of the type appearing in Eq. (4) was shown® to be
a renormalization by means of the spin-isospin polarizability tensor

(0T ) ren= 2 .u'u(K Kooy,

O;Ty Do(K,Ko)U(K,K())

k,fr"KTA

T 14g'UK,Ky)

—

where K = | p—

1+ W (K,Ko)U(K,K,) 1+8'U(K,K,)

P'—q| =kand Koy=p —p'—w=ko—w, while

1 DO(K,KO)U(K,KO)

In Egs. (5) and (6) we have the Lindhard function

2

UKKo)=LE [ (K K o)+ 4UA(KKo)] ,

1T
(7
and
K2
W(K,Ky)=—F—>—">5+8", (8)
O I K, 28

where g’ is the Migdal parameter,

Dy(K,Ky)=(Ky*—K?—m )] ©

is the pion free propagator, and
A*—m,?

——— (10)
A+ K?—K,?

fAK?)=f?

is the coupling constant combined with the 7NN

K .
1+ W(KKU (K,Ko) ] ©

[

form factor, in which the cutoff is taken as A=1
GeV. The Lindhard function contains a nucleon
part and a delta-isobar part. The former is given by

PF

1+5E[L(y+)—L(y_)]

M*pp

UN(KaKO)= )
o

(11)

where the nucleon effective mass M* is taken to be
0.8My, with My the nucleon mass, and

L(y)=(1—y?)log i+y (12)
M*K

po———O0i K (13)
prK 2pr

The delta-isobar part of the Lindhard function is
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FIG. 1. Ring diagram summation for particle-hole re-
normalization of nuclear spin-isospin operators. The
wavy line represents pion or p-meson exchanges or other
short range correlations, while the bubbles represent
N~IN and N~'A configurations. We show the particular
case treated here, in which the spin-isospin operator is
supplied by the one-nucleon eN —e’mN amplitude.

8_ o

UslK,Ky)=——5——
A 0 9 (DAZ—KOZ

Ap (14)

for A nucleons in the Fermi gas model. In Egs.
(11)—(14) the Fermi momentum is denoted by pr, p
is the matter density normalized to unity, and
wpa=2.2m,.

We note that the Lindhard function develops an
imaginary part for nonvanishing energy transfers
Ky, and these are studied in Sec. V. We also note
that the renormalization of Eq. (5) mixes longitudi-
nal and transverse spin components, unlike the situ-
ation for reaction mechanisms based purely on the
longitudinal part.!

The physical picture behind this renormalization
is the polarization of the nuclear medium through
nucleon-hole and A(1232)-hole excitations. Itera-
tions of all orders of particle-hole excitations, N ~!N
or N ~!A, ring diagrams only, including 7 exchange
as well as short-range correlations (p,w, ..., ex-
changes), result in the renormalization of Eq. (5).
For the (e,e’w) process the renormalization is shown
in Fig. 1. The application of this renormalization in
our calculation, which treats finite nuclei and not a
nuclear medium, will be through an LDA. That is,
we introduce p(r) and pg[p(r)] in Egs. (5)—(14), as-
suming that the nuclear density varies slowly
enough so that it is meaningful at each radius r to
]

1

[.7 dr Ry 1 (DR, (M (gr)r, (kr)

nyly

14+g'U(K,Ko;r)

assign a local Fermi momentum, determined from
the nuclear density at that radius, and then calculate
the diamesic function as if given by the correspond-
ing Fermi gas. This is not necessarily a very satis-
factory approximation (and work is planned to re-
place it with a treatment appropriate to a finite sys-
tem), but it does correctly weight the enhancement
effects with the appropriately reduced density at the
nuclear surface.

III. CALCULATIONS FOR
DISCRETE NUCLEAR LEVELS

A. The scattering amplitude
and local density approximation

We calculate the vector amplitude M of Eq. 4)
using the shell model. A nuclear level is character-
ized by a one-particle/one-hole (1p-1h) shell model
configuration.” Although the high momentum
transfers involved do not allow the reliable use of
the simple oscillator radial wave function R,;(r), we
have exploited them for the exclusive case as a han-
dy means for estimating cross sections. Since the re-
sulting exclusive cross sections are much too small
for experimental measurement, and the use of
Eckart wave functions® does not change this con-
clusion, we saw no reason to improve the calculation
from this point of view. On the other hand, from
the theoretical side this exclusive calculation offers
several interesting points for study, and also serves
as a good starting point for treating inclusive cross
sections.

We note that there is a small problem of double
counting when a shell model approach is combined
with the Lindhard function for nuclear matter in the
LDA, since the nucleon part Uy includes overlap
with the 1p-1h space of the discrete excitation.
However, we anticipate no great problem from this
source, since the main effects of the diamesic renor-
malization arise from very high-lying configurations
well above the Ofiw or 17iw excitations that we treat
directly.

The differential cross section including renormali-
zation of the transition operator is derived from
Egs. (3)—(5). These discrete nuclear excitations are
all taken to be static (Ky=0). Introducing partial
wave decomposition and carrying out the angular
integration over the direction of T, we have for nu-
merical evaluation radial integrals of the form

X(K,Kqy;r) , (15)
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TABLE L. Unenhanced cross section d oy/d @4dQ ., (in units of ub/MeV sr) and enhancement factor R for discrete excitations in 0.

=0.85
0.40 g'=0.55 g'=0.70

6

d 30’0/d0)—q>dﬂ—p>, g'

0.1
g'=0.55 g'=0.70

p,=
p' (MeV/c) d3<70/da)7q+dﬂ—p», g'=0.40

p MeV/c)

J¥/Configuration

14
1.8

2.8
34
4.4
42

13.2
11.2

82 (=7
44 (-7
2.1 (=7

1.0
1.1
1.1

0.9

1.0
25

1.1

1.0
0.5

11.5

1.2 (=2)
34 (=3)

230
320

0~ /(1p12) 2512

2.3

11.3

5.1 (=3)
32 (-3)

380
580

2.8

6.6

1.1 (-9

2.5

12.0

800
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2.8 (—6)
2.6 (—6)
1.9 (-6)
3.2 (-9)

1.9 (-3)
4.3 (=3)
8.3 (=3)
4.3 (=3)

230
320
380
580

1=/(1p1 )~ "2y

0.5 0.2

3.2
0.7

2.1 (—6)

0.7

1.2
1.3
1.8
1.8

2.2

2.0 (=D

230
320

2= /(Upy1p)~"2ds )

1.1

0.9

L7 (=7)

0.8

2.6

1.3 (=1
9.6 (—2)
5.0 (=2)

500
600
800

1.0
0.8

1.2

1.1

1.6 (=7) 33

5.4 (-9

1.0
1.0

4.5

380
580

1.6

4.7

where X may be either 1 or
U(K,Ko;r)/[1+W(K,Ko)U(K,Ko;r)]

[see Eq. (5)], and depends on r through pg(p) and
p(r). In Eq. (15) the subscripts # and p refer to the
hole and particle states, /,, and /, are orbital angular
momenta of the pion (momentum q) and electron
(momentum k) partial waves. These last were taken
as spherical Bessel functions j; (kr) for the electrons

and distorted waves r“‘u;ﬂ(qr) for the pion. In this

radial integral we now use the LDA in the Lindhard
function U, that is, we introduce Uf{pr[p(r)]} in
terms of the quantities of Egs. (7), (11), and (14), re-
calling

p,,—(p):[%‘irzAp(r)]l/3 . (16)

The density p(7) was taken in the Fermi form

I

(17)

r—c¢

plr)= 33 (147%%/c?) [14exp
4mc

where ¢ denotes the nuclear half-density radius, and
a =4.40¢ is the nuclear surface thickness.

The pionic waves were distorted by using subrou-
tines from the computer code DWPL® modified by us
to include true absorption with the optical potential
of Stricker et al.’ Details are given in Ref. 10.

B. Estimates of exclusive cross sections

Calculations were carried out for °0 and for '*C.
For '°0 the parameters chosen were ¢ =2.6 fm and
a=2.3 fm,"! while for '>)C we have ¢ =2.3 fm.!!
The calculations were carried out mainly for

(Z,N)e,e'm NZ +1,N—1),

for which the cross section is three to four times
higher than for (e,e’m™t). Detailed results were ob-
tained for p =400, 500, 600, and 800 MeV/c, with
p' ranging between its value at the pion threshold
and downwards by about 100 MeV/c. The resulting
cross sections were, in all cases, very small, exclud-
ing very forward outgoing electron angles (6, < 10°),
where they are higher. The decrease of the cross
section with @, is very rapid. Table I shows the
discrete unenhanced cross sections for '®O along
with enhancement factors R =d’0,.,/d >0y (i.e., the
differential cross section integrated over the outgo-
ing pion angles with the renormalized operator di-
vided by the same cross section without renormali-
zation) for g’=0.40, 0.55, and 0.70. Similar calcula-
tions for the J¥=1%, T =1 level in '2C [using the
pure configuration (1p3,,)~'1p,,, because of com-
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putational difficulties although our formalism al-
lows for configuration mixing] gave similar results.

In addition to the immediate realization that such
small exclusive cross sections would not enable any
significant experimental measurement at present, we
can make several observations from Table I, as well
as from results not quoted here in detail:

(a) For the low-lying 'O levels (appearing first in
the table), we note that the nonpionlike level JP=1—
is not suppressed with respect to the pionic ones
JP=0" and 2~ except, possibly, for a very low ener-
gy pion. [Even this last suppression disappears for
pions of kinetic energy >10 MeV. We also note
that to get this suppression the incoming electron
must not be too energetic (p <500 MeV/c).] The
JP=3" level is strongly suppressed under these con-
ditions, but equals the 2~ level for the 800 MeV/c
incoming electron.

(b) In the high-lying group of levels
(JP=07,17,27) one fails to observe any suppression
of the 17 level compared to the pionlike pair
(07,27). It seems that this probe does not provide a
clear selection of pionlike levels over and above oth-
er levels, as was the case with the (,27) reaction.'®
This is, of course, related to the above-mentioned
mixture of transverse and longitudinal channels.

(c) It is interesting to note in Table I that some
conditions lead to R less than unity. This can occur
here because of the admixture of significant trans-
verse 0 X k components which are suppressed rather
than enhanced by pionic effects.

(d) The enhancement factor presented in Table I is
very large in the region of the critical momentum, as
is to be expected. It is similar for the two reactions
(e,e'm™).

We also investigated the importance of pion dis-
tortion in the calculation. Towards this end, we
first compared cross sections for plane waves
(Coulomb distortion only), nuclear optical potential
distortion (no Coulomb) only, and full distortion.

|

d’o g _p e*f? 1

s 4
¢ dQ,dQdo, AT p m.? (K2—k?)? 2

where
a,=3pp'—P'Pp’, (19a)
a,=[2(3-K)B"K)

P
+(pp'—PB B IK?*IDo(K,K,) , (19b)

We find that the nuclear optical potential has the
most important effect on the cross section, even
though the pion is quite low in energy; the Coulomb
distortion has a much smaller effect than the nu-
clear optical potential in determining the difference
between plane-wave and fully-distorted-wave results.
We further studied the relative importance of opti-
cal distortion and true absorption. Towards this end
we calculated the cross section for nuclear optical
distortion only (By=C,=0 for true absorption pa-
rameters) compared with true absorption only (only
B(,Cy5£0). The cross sections indicate that the two
parts of the optical potential are equally important:
The optical and true absorption should both be in-
cluded in distorting such low-energy pions. Since
the exclusive cross sections are very small (several
orders of magnitude below the required magnitude
for experimental measurements) we turn now to the
inclusive case.

IV. INCLUSIVE CALCULATIONS
FOR PLANE WAVES IN THE LDA

A. Formalism, closure approximation,
inclusive cross section, and LDA

In a previous work!® we found that for momen-
tum transfer above 300 to 400 MeV/c it is possible
to apply the closure approximation very reliably in
summing over nuclear states. Using this, we sum
over final states |f) in the expression for the ex-
clusive cross section and find a single-nucleon and a
two-nucleon contribution. Here, we analyze the
one-body part, dropping the spin-isospin correlation
term, which is expected to be small. Choosing
spin-saturated nuclei, and studying plane-wave pions
(as explained later, we do not expect large effects
from distortion) we find for the inclusive cross sec-
tion, after renormalizing the operator and applying
the local density approximation,

lay [ nndr —2a; [ 7 n(rg(rdr +a,K*Do(K,Ko)

x [ " ningnar |, (18)
[
and
—=4mr? plr) : 20
A e UK KT 20w
U(K,K;
£(r) Ko Ko (20b)

T 1+ W(K,Ko)U(K,Ko3r)
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TABLE II. Enhancement factor R, for inclusive (e,e’w) and differing values of k, g’, and 0.

05 =18.1° 05.=28.8°

g'=0.40 g'=0.55 g'=0.70 k g'=0.40 g'=0.55 g'=0.70 k g'=0.40 g'=0.55 g'=0.70

65.=7.5
Nucleus p? k*

%0 400 179 1.53 1.11 0.90
203 1.66 1.21 098 219
252 1.68 1.32 1.09 262

800 220 1.54 1.17 0.97
242 1.57 1.23 1.02 310
265 1.62 1.28 1.07 326
311 1.77 1.40 1.16 360

2c 400 179 1.15 0.91 0.78
203 144 1.15 098 219
228 148 1.21 1.03 240
252 1.52 1.25 1.08 262

800 220 1.37 0.97
242 1.42 1.01 310

1.51
1.59

1.26
1.32
1.43

1.35
1.41
1.45

1.28

1.15 0.95 244 1.32 1.05 0.89
1.26 1.05 278 1.46 1.17 1.00
1.05 0.90
1.10 0.96
1.19 1.03 434 1.21 1.04 0.91
1.11 0.95 244 1.23 1.03 0.90
1.16 1.00 261 1.29 1.08 0.94
1.21 1.04 278 1.35 1.13 1.00
1.10 0.96

2All momenta (p,k) are given in units of MeV/c.

In treating the physical aspects of the inclusive reac-
tion within the closure approximation, one should
define an average nuclear excitation € [in the spirit
of Sec. III, this is the equivalent level which, when
used in Eq. (18), gives the same result that would
have been obtained by summing explicitly over the
various discrete nuclear levels]. Adopting the view
that the quasifree peak constitutes the main contri-
bution to the cross section,'® we take, after averag-
ing over outgoing pion angles,

k2
My

€= (21)

B. Results for plane waves

Checks of cross section sensitivity to kinematical
variables showed that the dependence upon the az-
imuthal angle of the pion, ¢4 is negligible even for
pions with energy up to 0.5m,. The change of the
same quantity with 9?1. is moderate, and amounts to
about 10% over the range O to 7 radians. Calcula-
tions based on Eq. (18) were carried out (with the in-
tegrals calculated numerically) for various values of
071' and 9-p»,, followed by summation over Qﬁ" It
was found that the cross section falls rapidly with
6., and from 6° to 60° it loses four orders of magni-
tude. Thus, differential cross sections were calculat-
ed for 6 in the range 7.5°—50° divided into four
equal intervals (0—p>,=7.5°, 18.1°, 28.8° 39.4°, and
50°) with no integration over 0 . (because of the ra-

pid fall in cross section). Calculations were carried
out for p =400, 500, and 800 MeV/c for °O and for
a few threshold cases for '2C at p =800 and 400
MeV/c [again using!! ¢ =2.6 fm and @ =2.3 fm for
the density of %0, and ¢ =2.3 fm and a =2.3 fm
for 12C].

In Table II we show the enhancement factor
R =d30,,/d >0, for the inclusive case for various
values of k and 6. and for g’ in the range 0.4—0.7.
It is easily seen that R, rises slowly in approaching
the critical momentum k~2—3m,, but is not
strongly dependent on g’; its dependence on k is also
not strong. This will not allow for the conclusive
detection of spin-isospin effects with this reaction,
at least for the relatively large energy transfer in-
volved in the quasifree excitation. Figure 2 gives the
characteristic behavior of d’0,/d Qﬁ,dwq as a func-
tion of k. Similar results were obtained for p =500
MeV/c (and are not quoted here). The differences in
enhancement factors R;,. for similar k values come
about because in Egs. (18)—(20) we have two dif-
ferent types of kinematical factors and integrals (a;
and a,; 77 and §). Although the integrals depend ex-
clusively on the magnitude of k£ (and quite weakly
so, in fact), the kinematical factors show strong
dependence on the direction of k, determined by the
vectors p and P’. In R,  there enters a,/a;,
among other ratios, and thus the combination of
kinematics with the mixing of spin components
through the polarizability tensor w;;, Eq. (5), results
in the dependence of R;,. on 05 in Table II. We
found that the renormalization through u;; causes
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6,=7.5°
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FIG. 2. Unrenormalized plane-wave inclusive differen-
tial cross section d?0/d Q—p» dw, as a function of momen-
tum transfer k. Dashed lines refer to p =800 MeV/c
while full ones to 400 MeV/c, and the parameter 9—;;. indi-
cated in the graphs is the outgoing electron angle.

the main sensitivity to 93 .» and that the second term
of this tensor is responsible for the main part of the
enhancement. We again note the existence of re-
gions with R <1 for high g’ values, resulting from
transverse 0 X k components and the larger region
of repulsive force for these cases.

It is clear that the effects of pionic distortions re-
ported in this section will have no great impact on
our inclusive results. We recall,'® in particular, that
for the inclusive case no optical distortions are to be
included, and thus the effect of partial distortions
arising from true absorption would be a reduction in
cross section and, because of the enhancement of
low nuclear density, a further approach of R;,. to
unity.

V. DISCUSSION AND CONCLUSIONS

Let us first clarify what it is that makes the in-
clusive (e,e’rr) reaction relatively insensitive to spin-
isospin correlation effects. We start with the influ-
ence of kinematical conditions governing the reac-
tion, especially the energy transfer. As already
pointed out by Ericson and Delorme,* the spin-
isospin strength distribution effects are strong for
vanishing energy transfer with momentum transfer
in the critical region k~2—3m_. To check this
point, we force K, =0 in Egs. (19) and (20) (there is
no energy transfer to the nucleus even though we an-
ticipate dominant excitation of the quasifree peak).
We then found large changes in the enhancement
factor for low g’ with the momentum transfer
around k ~2—3m, as shown in Table IIL

We also checked the importance of the imaginary
part of the Lindhard function!? in the renormaliza-
tion of the operator [Eq. (5)]. In our case ImU, =0,
since our energy transfer is in any event below pion
production threshold. Inserting ImU into Eq. (5) we
found a small effect, of less than 5% for g’'=0.40,
of 2—3 % for g'=0.55, and < 1% for g’'=0.70.

Turning to the nuclear density, we found an in-
teresting effect arising from changing the density
parameters of %0 by taking a =1.8 fm (instead of
2.3 fm) and ¢ =2.4 fm (instead of 2.6 fm) which im-
plies a central nuclear density of py=0.21 fm 3.

TABLE III. Enhancement factor R, but with zero energy transfer to the nucleus, for the reaction °Ol(e,e’r).

0.=7.5° 05.=18.1° 0. =28.8°

p*  k* g'=0.40 g'=0.55 g'=0.70 k g'=040 g'=0.55 g'=0.70 k g'=0.40 g'=0.55 g'=0.70
400 203  3.70 1.54 092 219  3.89 1.50 0.88 244  4.09 1.41 0.82

228 522 1.87 1.06 240  5.31 1.79 1.01 261 529 1.66 0.94

252 6.99 2.17 1.19 262  6.89 2.07 1.14 278  6.59 1.90 1.05
800 220  4.05 1.55 0.91

242 5.56 1.86 1.04 310 520 1.56 0.91

265 721 2.14 1.17 326 5.6 1.71 0.99

288  8.50 2.35 127 343 572 1.82 1.06 423 212 1.16 0.83

311 9.11 2.50 135 360  5.54 1.90 1.11 434 214 1.22 0.89

?All momenta (p,k) are given in units of MeV /c.
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TABLE IV. Enhancement factor R, but with smaller density parameters (@ =1.8 fm and

¢ =2.4 fm) for the reaction °Ole,e’).

0, =1.5 6,=18.1°
p*  k* g'=0.40 g'=0.55 g'=0.70 k g'=0.40 g'=0.55 g'=0.70
800 220 2.66 1.48 0.96
242 2.84 1.64 1.08 310 1.69 1.22 0.93

2All momenta (p, k) are given in units of MeV/c.

Although no significant changes are seen in the in-
clusive cross sections for g'=0.70, those for
g'=0.40 are higher by 50—80 %, as shown in Table
IV (including ImU). These results are easily under-
stood if we note that with the new parameters the
nuclear radius, as well as the surface thickness, are
smaller, thus raising the effective matter density and
accentuating the pion-condensation effects. Note
that this is the source of the numerical differences
between our results and those of Ref. 2, since our
parameters'! are slightly different from the ones
used there.

Lastly, we note the results of checking the relative
importance of U, in the renormalization. Suppres-
sion of U,, so that the renormalization stems from
the nucleon-hole contribution, results in an enhance-
ment factor R;,. which is almost k independent, and
varies slowly with P, 93,, and g’ (see Table V).

Our present results are in agreement with those of
Alberico et al.’ whose quasifree peak is enhanced by
a factor of 2 for g’=0.60 and by 1.5 for g'=0.70.
Their results are obtained for constant central densi-
ty po and for constant Fermi momentum pyp=1.36
fm~!, while for the parameters used here almost all
the nucleons are at the nuclear surface.

We conclude that the inclusive cross section for

(e,e’w) exhibits sensitivity of 10—40% to spin-
isospin strength distribution effects for the range of
g’ we have considered. We note, in particular, that
the great sensitivity to kinematical conditions em-
phasizes the need for very accurate and detailed
measurements in all questions of enhancements re-
sulting from spin-isospin strength distribution and
of possible pion condensation precursors. We have
considered here the parameter g’ in the range
0.4<g’'<0.7, which roughly spans the region from
actual pion condensation at central nuclear densities
to minimal condensation effects.* We recall that the
currently accepted value is g'~0.7; we do not show
results for g’ above this value since there the effects
on the spin-isospin strength tend to be even less than
10%. Thus the inclusive process, because of its
large energy transfer, is not apt to be highly useful
for the study of such effects. On the other hand, the
(e,e’m) excitation of discrete levels exhibits large
changes (by as much as an order of magnitude in
some cases) with the inclusion of spin-isospin renor-
malization; however, cross sections to these levels
are very small. Nonetheless, the consideration of
spin-isospin strength distributions will be important
for quantitative work with the pion electroproduc-
tion reaction.

TABLE V. Enhancement factor Rj,, but with A-hole contribution suppressed, for the reaction (e,e’).

6. =17.5° 65 =18.1°
Nucleus p? k* g'=0.40 g'=0.55 g'=0.70 k g'=0.40 g'=0.55 g'=0.70
150 400 179 1.25 1.06 0.94
203 1.27 1.11 0.99 219 1.18 1.05 0.96
800 220 1.19 1.06 0.97
242 1.18 1.08 1.00 310 1.05 0.99 0.93
335 1.22 1.13 1.06 379 1.12 1.06 1.00
2c 400 179 1.20
228 1.18 240 1.14
800 220
242 310 1.04

?All momenta (p, k) are given in units of MeV/c.



28 (e,e’r) REACTION ON LIGHT NUCLEI AND SPIN-ISOSPIN . . . 1317

ACKNOWLEDGMENTS

M. Ericson and T. E. O. Ericson are warmly
thanked for fruitful discussions and kind hospitality
during a short stay by one of us (J.C.) at CERN. J.
Lichtenstadt is thanked for interesting comments

concerning the experimental aspects of this work
and W. M. Alberico for enlightening discussions on
theoretical features. This research was supported in
part by the U.S.-Israel Binational Science Founda-
tion and by the Israel Academy of Sciences and
Humanities—Basic Research Foundation.

13. M. Eisenberg and H. J. Weber, Phys. Lett. 34B, 107
(1971).

2J. M. Eisenberg, Nucl. Phys. A355, 312 (1981).

3. Lichtenstadt, private communication; B. Saghai,
private communication.

4M. Ericson and J. Delorme, Phys. Lett. 76B, 182 (1978);
J. Meyer-ter-Vehn, Phys. Rep. 74, 323 (1981); W.
Weise, Nucl. Phys. A374, 505C (1982); J. Delorme,
ibid. A374, 541C (1982); E. Oset, H. Toki, and W.
Weise, Phys. Rep. 83, 281 (1982).

SW. M. Alberico, M. Ericson, and A. Molinari, in contri-
buted papers for the International Conference on High
Energy Physics and Nuclear Structure, Versailles, 1981
(unpublished); W. M. Alberico, M. Ericson, and A.
Molinari, Phys. Lett. 92B, 153 (1980); Nucl. Phys.
A379, 429 (1982).

6N. C. Mukhopadhyay, H. Toki, and W. Weise, Phys.
Lett. 84B, 35 (1979).

73. M. Eisenberg and W. Greiner, Microscopic Theory of
the Nucleus (North-Holland, Amsterdam, 1972).

8R. A. Eisenstein and G. A. Miller, Comput. Phys. Com-
mun. 11, 96 (1976).

9K. Stricker, H. McManus, and J. A. Carr, Phys. Rev. C
19,929 (1979).

10y, Cohen and J. M. Eisenberg, Nucl. Phys. A395, 389
(1983).

11C, W. de Jager et al., At. Data Nucl. Data Tables 14,
489 (1974).

127, L. Fetter and J. D. Walecka, Quantum Theory of
Many Particle Systems (McGraw-Hill, New York,
1971), pp. 151—197.



